Over a period of four years samples of blood were taken from 110 infants in hospital, or attending hospital, who required venupuncture. None was suffering from idiopathic hypercalcaemia, diabetes, nephrosis or hypothyroidism.
Methods Serum Calcium. Initially the method of Kramer and Tisdall (1921) and Tisdall (1923) was employed in which calcium is precipitated as calcium oxalate and titrated with potassium permanganate. Two ml. of serum are required. Later Trinder's (1957) method was used in which calcium is precipitated with chloranilic acid; the precipitate is dissolved in a colour reagent consisting of ferric nitrate and sulphuric acid and the result determined colorimetrically by comparison with a similarly treated standard calcium solution. This method requires only 0 5 ml. of serum.
Serum Cholesterol. Total serum cholesterol was determined by the method of Zlatkis, Zak and Boyle (1953) , in which a direct colour reaction is obtained by the addition of a ferric chloride/glacial acetic acid/ concentrated sulphuric acid mixture. No preliminary extraction is necessary and only 0-1 ml. of serum is required.
Free cholesterol was estimated by the method of Zak, Dickenman, White, Burnett and Chemey (1955) in which free cholesterol is precipitated from an alcohol-acetone extract with digitonin, the resulting digitonide separated and its cholesterol content estimated by the method of Zlatkis et al. (1953) . One ml. of serum is required.
Cholesterol esters which are not precipitated by digitonin were estimated by difference.
Results
A comparison between the Kramer and Tisdall and Trinder methods of calcium estimation is given in Table 1 . Both methods were applied to random 9.4 9.4 9.4 9.9 8-9 9 0 8-8 10-2 9 0 10-5 8-6 8-8 8-2 8-7 10-1 10-1 14-5 9-1 9-2
Average 9* 7 13-2 7-6 9-2 7-6 9-1 8-8 9 0 6-6 13-4 9-2 14-5 9-8 9-2 9.5 9.4 9 0 8-8 8-8 9.9 8 5 10-3 9 0 8-7 Table 2 gives the results of the estimation of serum infancy (Forfar, Balf, Maxwell and Tompsett, calcium, cholesterol, free cholesterol and cholesterol 1956 In Table 4 correlations have been calculated between age, calcium and the various cholesterol fractions. Discussion Serum calcium levels quoted by different authors show some variation according to the method used. There is general agreement that the level tends to be higher in infancy than in later life. Jaffe and Bodansky (1943) give a range for infancy (excluding the first week of life) of 10 5-12 0 mg./100 ml. By the two methods we used we found a somewhat wider range but a similar upper limit of normal.
Although there was no significant difference in the results obtained by the Kramer and Tisdall and the Trinder methods when both were carried out on random samples of adult blood it will be observed ( Table 3 ) that at the idiopathic hypercalcaemia age period the 61 results obtained by the Kramer and Tisdall method gave a slightly higher average result (10-3 mg./100 ml.) than the 43 results obtained by the Trinder method (9 9 mg./100 ml.). The difference is significant (P=0 01).
Serum cholesterol levels in the first year of life have been estimated by Hodges, Sperry and Andersen (1943) and by Rafstedt (1955) . The former found a mean level of 200 mg./100 ml. for the age period 2-6 months and 207 mg./100 ml. for the period 7-12 months. Their results were thus similar to ours, as too was the range which they observed. Rafstedt (1955) for the period 1-12 months found a mean total cholesterol level of 130 mg./100 ml. with a range of 69-173 mg./100 ml. Rafstedt's results for free and combined cholesterol in infancy were also lower than ours, the mean levels being 40 mg./100 ml. (range 27-66 mg./100 ml.) for free cholesterol and 90 mg./100 ml. (range 51-132 mg./100 ml.) for cholesterol esters. He found the mean free cholesterol/cholesterol ester ratio between 1-12 months to be 0 45, a figure almost identical with ours. His range was narrower (0-31-077) but also revealed the considerable variation in the ratio which we found.
As regards the correlations shown in Table 4 it will be observed that none is significant. The probability value of three of these correlations is less than 0 1, however, i.e. age: cholesterol, age: free cholesterol and calcium: free cholesterol. It is possible that with a larger number of estimations these correlations might have become significant. Positive correlation between age and cholesterol would be in keeping with the findings of Gyorgy (1926) and Rafstedt (1955) has also been a frequent finding (Lowe, Henderson, Park and McGreal, 1954; Creery and Neill, 1954; Dawson, Craig and Perera, 1954; Macdonald and Stapleton, 1955; Forfar et al., 1956) . We have studied the relationship between calcium and cholesterol in the blood in 20 infants with idiopathic hypercalcaemia, and in addition have sought to establish certain diagnostic criteria based on calcium and cholesterol levels.
Serum Calcium, Serum Cholesterol and Serum
Cholesterol Fractions Forms of treatment such as a low calcium diet and steroid therapy can significantly lower the serum calcium level in idiopathic hypercalcaemia and may have other biochemical effects. In studying the biochemical relations pertaining in the 'natural' state of the disease therefore it is necessary to exclude estimations made under any treatment which might modify these. 
It has been suggested previously (Forfar et al., 1956 ) that as both serum calcium and cholesterol tend to be raised in idiopathic hypercalcaemia the use of their product might be of value in diagnosis where neither is in itself raised above the upper limit of normal. In addition to the basic estimations of calcium and cholesterol we have used these products as diagnostic criteria as shown in Table 3 . This Table presents the results of simultaneous (on the same specimen of blood) serum calcium, cholesterol and free cholesterol estimations carried out on 131 blood samples at all stages of the disease. It also gives the highest serum calcium level obtained at any time.
In 15 of the 20 cases there would be no doubt on biochemical grounds of the diagnosis of idiopathic hypercalcaemia. Stapleton and Evans (1955) have put the diagnostic level at above 12-5 mg./100 ml.
These fifteen cases show serum calcium levels greater than this. Among them it will be observed that in Cases 2 and 5 the serum free cholesterol level and the calcium x free cholesterol product were both raised at a time when the serum calcium level was within normal limits, and in Case 19 that total cholesterol and the calcium x cholesterol product on one occasion, and the free cholesterol and calcium x free cholesterol product on another were raised in the presence of a normal calcium level. Thus the cholesterol and free cholesterol levels and/or their products with calcium may be diagnostic when the serum calcium level itself is not significantly raised.
Turning to the other five cases it will be observed that in two (Cases 10 a'nd 18) the highest serum calcium level was greater than 12 0 mg./100 ml., i.e. above our upper limit of normal, and that in addition the calcium x cholesterol product in Case 10 and the free cholesterol level and calcium x free cholesterol product in Case 18 were above normal.
In two of the remaining three cases the highest serum calcium level reached was 12-0 mg./100 ml. In both of these (Cases 9 and 13) the serum cholesterol level, serum free cholesterol, calcium x cholesterol product and calcium x free cholesterol product were raised.
The remaining case is Case 3 whose highest serum calcium level was 11 2 mg./l00 ml. His Table 3 would high at mean +standard deviation x 2 57 (P=0 01). have been diagnostic.
BIOCCHEMICAL STUDIES IN IDIOPATHIC HYPERCALCAEMIA Discussion
One of the most fascinating aspects of idiopathic hypercalcaemia concerns aetiology and possible relationship to vitamin D administration. Many reports testify that the dosage of vitamin D has often been no greater than that considered optimal and seldom greater than the average dosage received by the vast majority of healthy infants. The dosage has been in no way comparable to that known to cause frank vitamin D poisoning. Lacking evidence of gross overdosage the concept of undue hypersensitivity to vitamin D has been put forward by Lightwood (1952) and supported by Lowe et al. (1954) , Bonham Carter, Dent, Fowler and Harper (1955) and Morgan, Mitchell, Stowers and Thomson (1956) . On the other hand, administration of increased amounts of vitamin D to infants suffering from idiopathic hypercalcaemia may not cause any worsening or significant biochemical change (Creery and Neill, 1954; Forfar et al., 1956) .
Vitamin D poisoning in the adult may cause hypercholesterolaemia but the scanty evidence available on vitamin D poisoning in infancy suggests that at that age period it does not do so. Fanconi and de Chastonay (1950) found that hypocholesterolaemia occurred in three infants aged 94, 6 and 11 months who had received grossly excessive dosages of vitamin D, but hypercholesterolaemia occurred in a 44-year-old child in similar circumstances. These authors comment particularly on this age distinction. Jelke (1946) found no hypercholesterolaemia in vitamin D poisoning in an infant.
In view of the apparently increased vitamin D-like activity in idiopathic hypercalcaemia and the fact that some cholesterol derivatives have a vitamin Dlike effect (e.g. vitamin D3 is derived from 7-dehydrocholesterol), it has been suggested that this disease may be related primarily to a disorder of cholesterol metabolism with excess production of a cholesterol derivative with a vitamin D-like effect (Forfar et al., 1956) . The recent work of Fellers and Schwartz (1958) has lent some support to this view. They estimated the vitamin D-like activity in two severe cases of idiopathic hypercalcaemia by bio-assay methods and found increased activity which persisted unchanged for periods up to 17 months after all exogenous vitamin D had been withdrawn. The degree of activity was greater than that found in two children receiving 100,000 units of vitamin D daily.
Whether the synthesis or storage of a provitamin can occur in the human is uncertain but it can certainly occur in animals. Glover, Glover and Morton (1952) have shown that provitamin D3 can be found in the tissues of certain animals even when the animals are fed on a practically sterol-free diet.
They concluded that the animal could synthesize provitamin D from cholesterol. In the guinea-pig infection of the liver with Pasteurella pseudotuberculosis was found to be associated with an increased concentration of provitamin in the intestinal mucosa, an interesting observation in view of the possible role of infection in idiopathic hypercalcaemia. While activation of vitamin precursors, such as 7-dehydrocholesterol and ergosterol, is readily effected by irradiation, chemical activation is theoretically possible. Raoul, Le Boulch, Baron, Bazier and Guerilot-Vinet (1956) showed that cholesterol can be transformed to antirachitic compounds by a variety of natural earth, floridin. It has been suggested by Forfar (1958) (Fanconi, 1956) . If indeed idiopathic hypercalcaemia is associated with the use of the synthetic substance calciferol, as opposed to natural vitamin D, the advisability of using calciferol in place of natural vitamin may need further consideration.
It is doubtful whether idiopathic hypercalcaemia exists in two distinct types, the severe and the mild, or whether the difference is merely one of degree.
ARCHIVES OF DISEASE IN CHILDHOOD
Reviewing the literature, Daeschner and Daeschner (1957) reported that the average interval between the time of onset of symptoms and diagnosis in the severe type of the disease was 13 months. In 52 reported cases of the mild type we have found that the corresponding average interval was less than six months. It seems possible that the severe type of the disease results essentially from delay in diagnosis. The use of total cholesterol and free cholesterol estimations in diagnosis in the manner outlined above may allow earlier positive recognition of the disease and the earlier institution of treatment and may allow recognition where diagnosis cannot be made on the basis of serum calcium estimations alone. Earlier diagnosis and treatment will presumably reduce the risks of mental retardation and permanent renal damage which accompany this disease. The use of the cholesterol factors may also be of some value in assessing progress during treatment.
Summary
An assessment has been made of the calcium, cholesterol, free cholesterol and cholesterol esters fractions of serum in 19 cases of idiopathic hypercalcaemia examined in the 'natural' (untreated) state of the disease.
Serum calcium, cholesterol and free cholesterol levels are significantly raised in the disease. Serum cholesterol esters level is not raised.
Calculation of correlation coefficients shows that there is a significant positive correlation between serum calcium, cholesterol and free cholesterol levels. The critical correlation is that between serum calcium and serum free cholesterol.
The results of simultaneous estimations of serum calcium, cholesterol and free cholesterol at all stages of the disease are presented. The role of the cholesterol fractions on their own and as a product with serum calcium in increasing the accuracy of diagnosis in idiopathic hypercalcaemia is indicated.
Disturbances of cholesterol metabolism are discussed in the light of the possible relationship of the condition to vitamin D, and an aetiological hypothesis is elaborated.
Part Ill. Blood Citrate Levels and Urinary Citrate
Output in Idiopathic Hypercalcaemia of Infancy Citrate occurs in high concentration in bone, probably 50-100 times the concentration found in other tissues (Dickens, 1941; Dixon, 1956) . The general consensus of opinion is that citrate is actively involved in the metabolism of bone. Harrison (1954) , for instance, considers that the serum citrate level may be related to the activity of those metabolic processes in skeleton which actively destroy bone matrix and dissolve bone salts. Armstrong and Singer (1956) , on the other hand, consider that the concentration of citrate in bone may be merely adventitious, body citrate being attracted to bone in virtue of the peculiar chemical and physical character of the latter.
We have made observations on the serum citrate levels and urinary citrate output at various stages of idiopathic hypercalcaemia. In addition we have assessed the normal serum citrate level in a group of 32 unaffected infants aged 2-15 months.
Methods
The method employed for the determination of citrate in serum and urine was predominantly that of Taylor (1953) . Untreated urine and trichloracetic extract of serum were used. Citrate was converted into pentabromoacetone (bromide/bromate/vanadate reagent plus sulphuric acid). After neutralization of the reaction mixture with ferrous sulphate, the pentabromoacetone was extracted with petroleum ether. A yellow colour was produced in the presence of a solution of borax and thiourea (Snell and Snell, 1953) , the final estimation being made colorimetrically. Urine for citrate analysis was collected in a bottle containing dilute sulphuric acid to prevent loss of citrate.
Serum calcium was determined by the method of Trinder (1957) . Results
Serum Citrate Levels. The results of 32 serum citrate estimations carried out on controls, aged 2-15 months, are shown in Table 1 . Serum calcium was estimated coincidentally with serum citrate. The mean serum citrate level was 2 4 mg./100 ml. and the range (mean +S.D. x2) 1 -2-3-5 mg./100 ml. For the age range 2 months-2 years Harrison and Harrison (1952) found the mean serum citrate level to be 2-5 mg./100 ml. with range 2-0-3X4 mg./ 100 ml. There is no evidence of correlation between calcium and citrate levels (correlation coefficient
The results of 28 coincident estimations of serum calcium and serum citrate at various stages of the disease in 11 cases of idiopathic hypercalcaemia in the 'natural' (see Part II) state are shown in Table 2 . It will be seen that the mean citrate level is not significantly different from normal. The range however is wvider than normal, being (mean ± S.D. x 2) 0-6-48 mg./100 ml. Study of individual cases (the levels are in chronological order for individual cases) suggests that the serum citrate level is low in the acute phase of the disease and high in the recovery phase. Indeed the mean serum citrate level on the 10 occasions when the serum calcium was 11 * 6 mg./ 100 ml. or above (we have taken 1 1 * 6 mg./100 ml. as this is the upper limit of normal for the method of calcium estimation we were using) was 1 * 8, and on the 18 occasions when the serum calcium level was below 11 * 6 mg./100 ml. it was 3 1 mg./100 ml.
The correlation coefficient between serum calcium and serum citrate levels for the results shown in Table 2 is -0 732 (P=>0 01). There is thus a highly significant negative correlation between calcium and citrate levels in idiopathic hypercalcaemia.
In Fig. 1 (Armstrong and Singer, 1956 ).
The level of calcium in the diet also appears to have some influence on the citrate content of bones, higher citrate concentrations being observed with high calcium diets as opposed to calcium-deficient diets (Steenbock and Bellin, 1953; Carlsson and Hollunger, 1954 In the human, low blood citrate levels and a low urinary output of citrate have been observed in rachitic children. The levels rise with vitamin D administration (Harrison and Harrison, 1952) . In hypervitaminosis D raised serum citrate levels up to 6 mg./100 ml. have been observed (Harrison, 1954) .
Our findings of lowered serum citrate levels in blood and urine in the acute phase of idiopathic hypercalcaemia with a rise on withdrawal of vitamin D and recovery from the illness, and our evidence that the serum calcium level and serum citrate level are inversely related are thus apparently the reverse of those which would be expected with increased vitamin D activity. They appear to argue against increased vitamin D activity (when there is so much other evidence that it is present) or to suggest that the vitamin D-like action operates differently in respect of citrate metabolism. One should be very cautious, however, about applying to the period of infancy findings relevant to an older age group. Idiopathic hypercalcaemia is a peculiarly agelimited disease. At the age period at which it occurs hypervitaminosis D has indeed been reported to produce lowered serum citrate levels and a lowered urinary citrate output. Winberg and Zetterstrom (1956) observed these changes in an infant aged 11 months who over a period of five months had received 8,000,000 units of vitamin D and whose serum calcium level had risen to 16 mg./100 ml. It may be that citrate metabolism in infancy and disorders of it conditioned by vitamin D and vitamin D-like substances show a different pattern from that seen at an older age.
Summary
Observations have been made on the normal serum citrate level in infancy (1 * 2-3* 5 mg./100 ml.) and on the serum citrate level and urinary citrate output in idiopathic hypercalcaemia of infancy.
It is concluded that in idiopathic hypercalcaemia the serum citrate is low in the acute phase of the disease and rises up to or beyond the upper limit on recovery with a subsequent fall to average levels.
There is a statistically significant negative correlation between the serum calcium level and the serum citrate level in idiopathic hypercalcaemia.
The urinary output of citrate is low in the acute phase of the disease rising to normal levels with recovery.
